ability to deposit a copulatory plug. Only a few male C. elegans have been collected from nature, out of thousands of sampled animals [9] , and population data point to genetically effective outbreeding being exceptionally rare in the wild [9, 10] . Consequently, mating of multiple males to the same hermaphrodite in nature should be negligible, obviating the male-benefit of mate-guarding by plugging. All of these characteristics are consistent with the classic expectations of a selfing syndrome -the degeneration of traits associated with outcrossing.
Despite the abundance of evidence for the attrition of traits that enhance the ability to outcross and of sexually selected traits, such as plugging, it is less clear whether this is purely due to relaxed selection for their maintenance, or whether there is active selection against their persistence. If we knew how long C. elegans has been reproducing primarily via self-fertilization, then we could assess whether decay due to drift is a sufficient process to explain C. elegans' selfing syndrome; however, confidence limits on this age are currently too broad to reach any definitive conclusion [19] . Further insight might come from quantitative genetic approaches that compare phenotypic variation in selfing-syndrome traits to to their mutational variance (from mutation-accumulation experiments), or to phenotypic variation of traits not associated with reproductive evolution (e.g., body length). In addition to the phenotypic degeneration noted above, a selfing syndrome should also manifest itself in the C. elegans genome [19] . Further comparative genome analysis within the genus and identification of new, more closely related species will help distinguish drift and selection as evolutionary causes of phenotypic and genomic degradation in selfing lineages of Caenorhabditis. In any case, when thinking about evolution in C. elegans -and evolution of reproduction-related traits in particular -we must be careful to consider that they likely originated in male-female ancestors [20] under a regime of sexual selection, but that they currently may experience a drastically different selective environment, possibly even a complete absence of selection for the maintenance of traits like copulatory plugging. When the hive was opened in this new location, bees found the table and, despite differences in the time of day, the surrounding panorama, and the direction of approach from the hive, congregated on the dish in the southern corner. What mechanism might mediate this success? Did the bees, during the previous afternoon, form a direct link between sun-compass information and a visual memory of the table and feeder, and use it when finding the feeder the following morning? Or was the association more indirect? One possibility that does not require an internal link between compass signals and a memory of a scene is that bees like to view the world when facing in a preferred direction. Suppose that the bees had oriented themselves in a fixed compass direction before landing on the feeding dish and had learnt a view of the table, while close to the dish and facing in that direction. In this case, they could find the southern corner by adopting their preferred orientation and moving until their view of the table matched the one that they had previously acquired. Consistent with this possibility is the finding that bees can assume compass-controlled orientations when approaching feeders or viewing panoramic scenes [2, 3] . A new paper by Towne and Moscrip [4] suggests that such a solution is too simple. The authors show, as conclusively as is possible from behavioural evidence, that honeybees do forge internal links between a sky-compass reference and some aspect of a remembered panoramic scene.
Towne and Moscrip [4] trained honeybees from a hive to a feeding site along a straight route that was guided by prominent landmarks. The question they asked was whether bees learn the bearings of visual features in the scene relative to compass information. When the bees returned to the hive after feeding, they performed the waggle dance to communicate the direction of the feeding site that they had visited [5] , and this dance was used as an indicator of the bees' directional memories. Bees signal the compass direction of a food source in terms of the current angle between the sun's azimuth and the direction of the food from the hive [5] (Figure 1 ). Because they dance on vertical comb in a dark hive, they cannot signal this angle directly. Instead, gravity provides a reference orientation, with the angle between the straight waggle-segment of the dance and the vertical corresponding to the direction of the food relative to the sun's azimuth. Thus, a dance oriented vertically upwards on the comb signals a food source in the direction of the sun's azimuth. Workers recruited by the dance to an unfamiliar food site reverse the transformation between gravity and sun and fly off in the correct compass direction [5, 6] .
Because transmission of this directional information relies on a sun-based compass, it is helpful for bees to know how the sun's azimuth changes over the day (a relation often termed the sun's ephemeris function). Only with this knowledge can the sun provide long-term directional information. For example, if a desert ant moving home along a straight path, guided by its sun-compass, is caught and held for a few hours in the dark, it will, when released, continue in the Figure 1 . Signalling direction through the waggle dance. Top: bee flying from hive to feeder sees the sun in different directions during the course of a day. Middle: a single dance circuit on the comb. Bottom: to signal the direction of the feeder, bee translates the angle between sun, hive and feeder, into the angle between the vertical and the direction of the waggle component of the circuit. Recruits reading the dance transform this signal into the direction that they fly relative to the sun. same sun-determined compass direction [7] . The ant must therefore know, after the enforced delay, the new direction in which it expects to view the sun. One piece of evidence that honeybees know the sun's ephemeris function and that it is available to the dance system comes from 'marathon dances'. Lindauer [8] discovered that, under some conditions, bees will dance for several hours without leaving the hive. Even though the bees do not see the sun during these prolonged dances, the angle of their body relative to the vertical rotates in accord with the sun's changing azimuth. As the sun's ephemeris function varies with both latitude and time of year, the bee's accurate communication of direction during marathon dances indicates that the ephemeris function is at least partly learnt.
Towne and Moscrip's [4] experiment was based on a study by Dyer [9] which in turn arose out of much earlier work by von Frisch and Lindauer [10] , who trained bees to follow the edge of a wood from their hive to a feeder (Figure 2A ). Once the bees were familiar with this route, the hive and feeder were transported to another woodland edge, which was similar except that the edge was oriented in a different compass direction (Figure 2A) . The trained bees flew from the hive and were immediately guided by the edge in the new compass direction to the feeder. Thus, prominent terrestrial landmarks can prevail over compass cues in guiding the bees' route [10] . Dyer [9] went on to examine the direction signalled by the waggle dance after such a transfer. In sunshine, bees, as expected, communicated the actual compass direction of the route. The surprise came when the sky was overcast with no or little information available from the sun: the bees then signalled a different direction, as though they were performing the route in the old place from which they had been moved (Figure 2A ).
Are these dances under overcast skies a sign of a direct link between remembered visual features of the scene and a remembered compass direction? This could be thought to ask a lot of a bee. It could mean that the bee has stored the compass direction of the woodland edge and, on recognising the edge, can retrieve the associated compass signal and use it together with the remembered solar ephemeris function to direct its dance. Or are the visual and directional memories of a route more independent? Might a bee upon reaching the hive just recall and dance the stored compass direction of the only route that it knows, without any internal link between compass information and the visual details of the familiar route along the old woodland edge?
To decide between these possibilities, Towne and Moscrip [4] repeated the Dyer [9] experiment with an ingenious variation. Instead of having bees just report what they remembered after the transfer, bees were induced to learn a new route in the new location (Figure 2 ). Training began with the hive placed along a woodland edge and, to be sure that all the tested foragers were born at this site, the hive was moved there several weeks before the experiment began. The feeder with scented sucrose was placed no more than a metre from the hive, so that foragers at the feeder were not trained to any particular route ( Figure 2B ). These experimental bees were marked individually over several days and became very familiar with views of the landscape close to the hive. Then, early on an overcast morning, the hive was moved to another woodland edge, oriented 180 relative to the old. Marked bees, which had visited the feeder close to the hive in its usual location, were trained rapidly to a feeding site about 100 m from the hive's new location, on a route that was parallel to the rotated woodland edge.
Although bees had to learn this new route in a new location, and in the absence of sky-compass information, their dances were well oriented. The dances, as in Dyer's [9] experiment, signalled a compass direction oriented 180 from the actual route that the bees had followed, as though the bees had flown along the woodland edge in the hive's original location ( Figure 2B, feeder 1) . The test was repeated on a second overcast morning with the marked bees now newly trained to a route perpendicular to the woodland edge, with analogous results ( Figure 2B, feeder 2) . The simplest interpretation of this striking finding requires, first, that the marked bees mis-recognised the new site as the old one. Secondly, it means that they placed the newly learnt route to the feeder and communicated its direction in a compass coordinate frame that was linked to the visual panorama viewed at their natal site.
This subtle experiment raises many intriguing questions about the way in which a scene might be linked to the sun compass. There is, for instance, the question of what bees remember about a visual scene. Towne and Moscrip [4] suggest plausibly that the bees have learnt distant features of the skyline viewed from close to the hive. If that is so, how is the skyline encoded? Do bees learn many details of the panorama, or do they reduce it to a few parameters, such as the horizontal centre of gravity of the light (or dark) areas computed over the whole skyline, which can then be linked to a reference direction? Are the horizontal positions of significant regions of the scene encoded retinotopically; i.e. with the bee facing in one or a few directions? Might these significant points control the direction in which the bee faces or might the bee's viewing direction be set by an external reference, such as a magnetic directional signal? The results of Towne and Moscrip [4] make it clear that honeybees use an internal link between a visual scene and compass direction in dance communication. All the components seem to be in place for the waggle dance recruitment system to work effectively under overcast skies or in environments in which the sun compass is ineffective. It will be interesting to see whether bees do communicate under these conditions. Finally, the link between remembered compass direction and visual scenes has many potential uses for navigating insects, and now that it has been found in one system, it may be easier to spot in others. Anion Channels: Regulation of ClC-3 by an Orphan Second Messenger ClC-3 is a ubiquitously expressed chloride channel isoform whose biological function has been a matter of debate for many years. A recent study reporting its regulation by Ins(3,4,5,6)P 4 assigns novel transport functions and cellular roles to ClC-3 and identifies a regulatory pathway that affects epithelial transport and endosomal pH regulation.
Alexi K. Alekov 1 and Christoph Fahlke 1, 2 Ion channels permit the passive diffusion of ions across biological membranes. Whereas cation channels have been intensely studied for more than half a century, anion-selective channels have been largely neglected until recently. Chloride channels are not directly involved in classical electrical processes within the cell, such as action potentials or excitation-contraction coupling. Moreover, chloride channels appear at first glance to be surprisingly imperfect: opening is not tightly regulated by any biological signal; unitary conductances are often small; and anion channels are far less selective than their cation-selective counterparts.
The identification of a chloride channel and transporter gene family, the ClC family, has made these neglected channels one of the most exciting topics in biomedical research. ClC channels play important functional roles in processes as diverse as cellular excitability, blood pressure regulation, epithelial salt transport, and volume and pH regulation [1] . The apparent imperfection of chloride channels turned out to provide the necessary specialization and optimization that allow these channels to fulfill a broad variety of cellular functions. In a recent issue of Current Biology, Mitchell et al. [2] report a new mode of regulation of ClC-3, revealing a long sought-after cellular role for this isoform.
